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(54) image reject mixer drcutt arrangements 

(57) An image reject mixer arrangement 1 com- 
prises a transcorxluctor 2, first arxJ second mixer cores 

3 and 4, first and second phase shifters 5 and 6 and a 
summer or combiner 7. The mixer arrangement 1 
receives a single-ended RF voltage signal on a terminal 
8, a differential local oscillator signal on l-LO terminals 
indicated at 9 and a 90*" phase shifted differential local 
osdtlator signal on Q-LO terminals 10, and provides dif- 
ferential IF output signals on output terminals 1 1 . From 
the output of the transconductor 2 to the output of the 
combiner 7, the image reject mixer arrangement 1 car- 
ries signals in what can be described eis a "cun'ent 
mode", i.e. it is the current not the voltage, which con- 
veys the desired signal. In this current mode, it is advan- 
tageous to provide each active circuit block with a high 
output impedance and a low ir^ut impedance wherever 
possible. This is achieved by the cascode connection of 
the transistors of the transconductor 2 with the transis- 
tors of the mixer cores 3 and 4; and the cascode con- 
nection of the transistors of the of the mixer cores 3 and 

4 with the transistors of the combing- 7. This is advanta- 
geous in providing improved noise performance, linear- 
ity and current consumption in comparison with 
cascade connected mixer arrangement circuit blocks. 
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Description 

[0001] The present invention relates to Image reject 
mixer circuit arrangements and in particular, although 
not exclusively, to image reject mixer circuit arrange- s 
ments suitable for integrated circuit inrplementation in 
radio receivers for radio telephones. 
[0002] Image reject mixers are preferred to converi- 
tiona! mixers for use in miniaturised radio receiver appli- 
cations because Image reject filters required by the io 
conventional mixers tend to be both bulky and expen- 
sive. However, known image reject mixer have tended to 
demand significant current levels, in comparison with 
conventional mixers, because of the larger number of 
circuit blocks involved, which are generally connected in is 
cascade. This is undesirable in t>attery powered radio 
equipment in that their use provides unwanted drain on 
the battery's charge, of particular significance in radio- 
telephones where battery replacement or re-charging 
frequency is desired to be low. UK Patent Application 20 
numbers 9724435.4 and 9700485.7 disclose the cas- 
code connection of certain image reject mixer arrange- 
ment circuit blocks to reduce overall current 
consumption. 

[0003] In accordance with a first aspect of the present 25 
invention, there is provided an image reject mixer circuit 
arrangement comprising input means to receive an 
input signal and to provide on each of first and second 
paths differential current signals derived from the Input 
signal, the first and second paths each including a cur- 30 
rent mode mixer core arranged to mix the differential 
current signals with respective ones of In-phase and 
Quadrature local oscillator signals, and at least one of 
the first and second paths including phase shifter 
means to introduce a phase shift of the signal in the 35 
respective path compared to a signal in the opposite 
path and current nxxJe combiner means arranged to 
combine the signals from the first and second paths to 
provide an output signal. 

[0004] Each of said first and second patte may 40 
include a phase shifter circuit. 

[0005] Preferably, transistors forming part of the 
transconductor means are connected in cascode with 
trar^istors forming part of the quadrature mi3©r means. 
Further, transistors forming part of the quadrature mixer 45 
means are preferably connected in cascode with tran- 
sistors forming part of the combiner means. 
[0006] Said input means may comprise a low voltage 
headroom transconductor having differential inputs and 
a relatively low gain and a high gain pre-ampiifier so 
arranged to receive an or the single-ended input signal 
and to provide amplified and phase-split signals there- 
from to the differential inputs of the transconductor 
means. 

[0007] In accordance with a second aspect of the ss 
present invention, an image reject mixer circuit arrange- 
ment comprises transconductor means, quadrature 
mixer means, phase shifter means arKl combiner 



means connected in series across a voltage supply, the 
transconductor means providing first and second cur- 
rent signals on first and second paths respectively, each 
of the first and second current signals being represent- 
ative of an input signal, to respective ones of an in- 
phase and a quadrature mixer core means forming said 
quadrature mixer means, the mixer core means provid- 
ing current signals on their respective path via the 
phase shifter means to the combiner means which 
sums the cun-ent signals to provide an output signal. 
[0008] Where the transconductor means comprises a 
low voltage headroom transconductor having differen- 
tial inputs and a relatively low gain, the arrangement 
may further conprlse a high gain pre-ampW ler arranged 
to receive an or the single-erxied input signal and to 
provide amplified and phase-split signals therefrom to 
the different inputs of the transconductor means. 
[0009] Preferably, any such image reject mixer 
arrangement is inrplemented as an integrated circuit, 
which may be the radioreceiver IC of a radiotelephone. 
[0010] An embodiment of the present invention will 
now be described with reference to the acconpanying 
drawings, of which: 

Rgure 1 shows a image reject mixer arrangement 
in accordance with the present invention; and 
Rgures 2 to 9 show circuits which may form part of 
the Figure r image reject mixer arrangement. 

[0011] Referring firstly to Rgure 1, the image reject 
mixer arrangement 1 comprises a transconductor 2. first 
and second mixer cores 3 and 4. first and second phase 
shifters 5 and 6 and a summer or con^iner 7. The mixer 
arrangement 1 receives a single-ended RF voltage sig- 
nal on a terminal 8, a differential local oscillator signal 
on l-LO terminals indicated at 9 and a 90** phase shifted 
differential local oscillator signal on Q-LO terminals 10. 
and provides differential IF output signals on output ter- 
minals 11. 

[0012] The transconductor 2 Is arranged to provkJe 
first and second differential current signals representa- 
tive of the RF voltage signal received at the input termi- 
nal 18 to respective ones of the mixer cores 3 and 4. It 
is desirable to provide the transconductor 2 with a high 
output impedance, as this has a positive effect on the 
linearity characteristics and the noise figure of the 
image reject mixer arrangement 1 . 
[001 3] Rgure 2 shows a differential transconductance 
anplifler stage 12 which may constitute the transcon- 
ductor 2. In this transconductor, the base electrode of a 
first transistor 13a of an emitter-coi^Jled pair 13 is AC 
grounded by a capacitor 14. An RF input signal, 
received at an input terminal 18. is AC coupled to the 
base ^ectrode of the second transistor 13b of the pair 
13 by a capacitor 15. Differential current signals are pro- 
vided on output terminals 16. 17 representative of the 
voltage of a signal received on the input terminal 1 8, 
[001 4] Rgure 3 shows a transconductor 1 9 which may 
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altematively constitute the transoonductor 2. This 
transconductor 19 is the sutsject of UK Patent Applica- 
tion Na 9700487.3. from which application further 
details should be sought. The transconductor 19 is con- 
sidered to be capable of superior linearity and noise 5 
properties to the transcorKfuctor 12 although it requires 
more voltage headroom than the transcorxluctor 12 of 
Rgure 2 because it has two transistors in the main sig- 
nal path. 

(001 SI Although the image reject mixer arrangement 1 10 
of Rgure 1 is shown and stated to possess a single- 
ended input, the accommodation of a differential input 
signal requires modification only of the transconductor 
2. Example transconductors 20. 31 suitat}le for this pur- 
pose are shown in respective ones of Rgures 4 and 5. is 
[0016] Refen-ing to Rgure 4. a common emitter 
transconductor 20 suitable for constituting the transcon- 
ductor 2 is shown comprising a pair of biased transistors 
21 . 22 emitter grounded by respective ones of inductors 
23 and 24. Differential input signals received at respec- 20 
tive ones of input terminals 25 and 26 are AC coupled to 
the base electrode of their respective transistor 21, 22 
by respective ones of capacitors 27, 28. Differential cur- 
rent signals are provided at output terminals 29. 30 rep- 
resentative of the voltage of the input signal. 2s 
[0017] Rgure 5 shows a differential stage transcon- 
ductor 31 also suitable for constituting the transconduc- 
tor 2 comprising the same general configuration as the 
transconductor 20 of Rgure 4, from which reference 
numerals have been reused for like elements, and 30 
inductors 32, 33 and 34. Here, the inductors 32 and 33 
could be Iniplemented by tiie parasitic properties of the 
packaging and/or bond wires of a integrated circuit on 
which the mixer arrangement 1 may be realised, 
although the inductor 34 is preferably a external, dis- ss 
Crete component. 

[0018] To inrplement any of the transconductors 12, 
19, 20 and 31 as the transconductor 2 of Rgure 1, two 
such transconductors would usually be connected in 
parallel, with the input terminals of opposite ti^nscon- 40 
ductors commonly connected to receive the input sig- 
nal. The transconductor 19 of Rgure 3 may altematively 
be connected as shown in aforementioned UK Patent 
Application number 9700485.7. having a single amplifi- 
cation transistor and a pair of phase splitters. 4S 
[001 9] Each of the transconductors 1 2. 1 9. 20 and 3 1 
described atxive has the collector impedance of an npn 
transistor as its output impedance. This contributes to 
the linearity of the mixer arrangement 1 . 
[0020] From the output of the transconductor 2 to the so 
output of the conr^iner 7, the image reject mixer 
arrangement 1 carries signals in wfiat can be described 
as a "current mode"*, i.e. it is the current, not the voltage, 
which conveys the desired signal. In this current mode, 
it is seen to be advantageous to provide each active dr- ss 
cuit block with a high output impedance and a low input 
impedance wherever possible. The mixer cores 3 and 4 
therefore are preferatsly implemented each as a Gilt^ert 



cell mixer core, such as the one shown in Rgure 6. 
[0021] Referring to Rgure 6, the mixer core 35 com- 
prises four nrtixer transistors 36-39. input terminals 
40.41. output terminals 42. 43, and local oscillator input 
terminals 44, 45. These terminals 44, 45 correspond 
either to the 1-LO terminals 9 or to the Q-LO terminals 
10 of Rgure 1. The input impedance of this mixer core 
35 is low because it is defined by the emitter imped- 
ances of the transistors 36-39. Also, the output irr^ed- 
ance is high because it is defined by tiie collector 
impedances of the transistors 36-39. The operation of 
the Gilbert cell mixer core will be understood by the 
skilled person although it should be noted that, because 
the emitters of the transistors 36-39 are cascode con- 
nected with tiie transistors of the transconductor 2, its 
use has a positive effect on the linearity characteristics 
and the overall noise figure of the mixer arrangement 1 . 
[0022] The phase shifters 5 and 6 of Rgure 1 are 
required to provide a relative phase shift of 90** between 
the output signals provided by their respective mixer 
core 3 and 4. This is achieved by selecting the phase 
shifter 5, associated with tiie mixer core 3 having an In- 
phase local oscillator signal applied thereto, to generate 
a +45** phase shift and selecting the phase shifter 6, 
associated with tiie mixer core 4 having a Quadrature 
local oscillator signal applied tiiereto. to generate a -45*" 
phase shift. A phase shifter 46 suitable for tiiese pur- 
poses is shown in Rgure 7. 

[0023] Referring to Rgure 7, the phase shifter 46 com- 
prises first arxi second resistors 47 and 48 connected 
respectively between an input terminal 49 and an output 
terminal 50 and an input terminal 51 and an output ter- 
minal 52; and first and second capacitors 53 and 54 
connected oppositely to the resistors 47, 48 across 
those terminals 49-52. This phase shifter 46, although 
operating in a current mode, is essentially the same as 
those phase shifters which are used in conventional, 
voltage mode, cascade image reject mixer arrange- 
ments. 

[0024] Referring now to Rgure 8. a combiner 55 suit- 
€Uble for use as the combiner 7 of Rgure 1 is shown 
comprising first to fourth biased transistors 56-59 hav- 
ing their emitter electrodes an^anged to receive cunent 
signals provided by the phase shifters 5, 6 on input ter- 
minals 60-63, and to provide a differential output cunent 
signal on output terminals 64 ad 65. The operation of 
the combiner 55 and the phase shifter 46 of Rgure 7 is 
discussed in the aforementioned UK Patent Application 
No. 9724435.4. An alternative combiner 66 is shown in 
Rgure 9. 

[0025] Referring now to Rgure 9, the combiner 66 
comprises first and secorKj biased transistors 67 and 
68, and like input and output terminals to tiie combiner 
55 of Rgure 8. from which reference numerals have 
been re-used for such termirrals. This combiner 66 pos- 
sesses a lower input impedance than the combiner 55 
because current summation is made at the input (emit- 
ters) of the cascode connected transistors 67. 68. Sup- 
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pression of image frequency signals is enhanced also 
because the DC current levels in each of the transistors 
67, 68 is greater than the current levels obtained in the 
transistors 56-59 of the coml)iner 55. 
[0026] With each of the above described combiners, s 
unwanted image frequency signals are suppressed by 
summing the antiphase signals provided by the phase 
shifters 5 and 6. To this effect, the input terminals 60 
and 61 are connected to the differential output terminals 
of the phase shifter 5 and the input terminals 62 and 63 io 
are connected to the output terminals of the phase 
shifter 6. To effect a voltage signal from the output termi- 
nals 64 and 65. faithful to the differential cunrent signal 
provided thereat load resistors or inductors (not shown) 
will usually be connected between respective ones of is 
these terminals 64. 65 and supply voltage. 
[0027] The cascode connection of the transistors of 
the mixer cores 3 and 4 with the transistors of the com- 
biner 7 which can be achieved by use of the present 
invention is advantageous in providing improved noise 20 
perfomnance and linearity in comparison with cascade 
connected mixer arrangement circuit blocks, and 
reduced cun-ent corisumption. 

[0028] Although the enrixxliments have been 
described using first and second 45** phase shifters 5 2s 
and 6 connected to the outputs of respective ones of the 
mixer cores 3 and 4, it will be appreciated that the inven- 
tion could be implemented instead witii a phase shifter 
having a 90** phase shift connected to receive the output 
signals of one of the mixer cores 3. 4. whilst the output 30 
of the other mixer core 3, 4 is connected to an input of 
the combiner 7 by a non-phase shifting circuit or con- 
nection. The use of two separate phase shifters is pre- 
ferred when the image reject mixer arrangement is to be 
inrplemented as an integrated circuit because such an 35 
arrangement is more tolerant to process variations tiian 
in the case where a single phase shift®- is used. 
[0029] To provide an image reject mixer arrangement 
which has the advantages of the Rgure 3 transconduc- 
tor 1 9. witii regard to noise properties and linearity char- 40 
acteristics. txjt does not have the voltage headroom 
requirements thereof, it is advantageous to use the 
transconductor 19 as a pre-amplifier stage. In tiiis case, 
inductors or resistors {not shown) may be connected to 
the output terminals of the transconductor 19. to induce 45 
voltage signals thereat, and the differential voltage sig- 
nals provided thereby can be used as tiie input signals 
of. for example, the common emitter transconductor 20 
of Rgure 4. In tiiis case, the transconductor pre-ampli- 
fier 19 can be arranged to provide high, substantially so 
noiseless gain ar^d the conunon emitter transconductor 
20. which is driven by differential input signals, is able to 
provide low noise output signals of a required anplitude 
reproduced with high linearity at a DC voltage in the 
region of 0.5 to 0.8 Volts. Current corvsunrption in this ss 
case, although slightly increased, will remain relatively 
low. 

[0030] An image reject mixer arrangement has been 
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simulated using a pre-amplifier stage based on the 
transconductor 19 of Rgure 3 provided with resonant 
loads, the transconductor 20 of Rgure 4, the Gilbert cell 
mixer cores 35 and the phase shifters 46 of Rgures 6 
and 7 respectively, and the combiner 66 of Rgure 9 con- 
nected as shown at 1 in Rgure 1. The output terminals 
11 were connected to a 2.7 Vblts supply voltage by 
choke inductors and a 400 n resistor was connected 
between tiiose terminals 1 1 in place of an IF filter which 
would usually be connected thereto. The mixer anange- 
ment 1 was optimised for a 1000 MHz RF input signal 
and a 200 MHz IF output signal, and was simulated 
using a software RF simulator. The circuit arrangement 
displayed a gain of 21.3 dB and a noise figure of only 
2.6 dB, good linearity characteristics (with an irput- 
referred third order interception point of -13 dSm and an 
input-referred 1 dB compression point of -21 dBm), 50 
dB image rejection and current consumption of 17 mA. 

Claims 

1 , An image reject mixer circuit arrangemertt compris- 
ing input means to receive an input signal and to 
provide on each of first and second paths differen- 
tial current signals derived from the input signal, the 
first and second patiis each including a cun-ent 
mode mixer core arranged to mix the differential 
current signals with respective ones of In-phase 
and Quadrature local oscillator signals, and at least 
one of the first and second patiis including phase 
shifter means to introduce a phase shift of the sig- 
nal in the respective path compared to a signal in 
the opposite path, and current mode combiner 
means arranged to conrdbine the signals frcKn the 
f irst and second paths to provide an output signal. 

2- An image reject mixer circuit arrangement in 
accordance with Claim 1 in which each of said first 
and second paths includes a phase shifter circuit. 

3. An image reject mixer circuit arrangement in 
accordance witii Claim 1 or Claim 2 in which tran- 
sistors forming part of the transconductor means 
are connected in cascode with transistors forming 
part of the quadrature mixer means. 

4. An image reject mixer circuit arrangement in 
accordance with any of Claims 1 to 3 in which tran- 
sistors forming part of tiie quadrature mixer means 
are connected in cascode with transistors forming 
part of the combiner means. 

5. An image reject mixer circuit arrangement in 
accordance witii any of Claims 1 to 4 in which said 
input means conprises a low voltage headroom 
transconductor having differential inputs and a rela- 
tively low gain and a high gain pre-amplifier 
arranged to receive an or the single-erxled input 
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signal and to provide amplified and phase-split sig- 
nals therefrom to the differerrtial inputs of the 
transcorxluctor. 

6. An image reject mixer drcuit anangement compris- s 
ing transconductor means, quadrature mixer 
means, phase shifter means and combiner means 
connected in series across a voltage supply, the 
transconductor means providing first and second 
cun-ent signals on first and secorxj paths respec- w 
tivety. each of the first and second current signals 
being representative of an input signal, to respec- 
tive ones of an in-phase and a quadrature mixer 
core means forming said quadrature mixer means, 

the mixer core means providing current signals on 75 
their respective path via the phase shifter means to 
the combiner means which sums the current sig- 
nals to provide an output signal. 

7. An image reject mixer drcuit arrangement in 20 
accordance with Claim 6 in which each of the first 
and second paths includes a phase shifter circuit. 

8. An image reject mixer circuit anrangement in 
accordance with Claim 6 or Claim 7 in which tran- 2s 
sisters forming part of the transconductor means 
are connected in cascode with transistors forming 
part of the quadrature mixer means. 

9. An image reject mixer arrangement in accordance 30 
with any of Claims 8 to 8 in which transistors form- 
ing part of the quadrature mixer means are con- 
nected in cascode with transistors forming part of 
the combiner meeins. 

35 

10. An image reject mixer circuit arrangement in 
accordance with any of Claims 6 to 9 in which the 
transconductor means comprises a low voltage 
headroom transconductor having differential inputs 
and a relatively low gain, the arrangement further 40 
comprising a high gain pre-anplifier arranged to 
receive a single-ended input signal arKi to provide 
amplified and phase-^lit signals dependent ther- 
eon to the differential inputs of the transconductor 
means. 45 

11. An image reject mixer circuit arrangement in 
accordance with any preceding Claim implemented 
as an integrated drcuit. 

50 

12. A radio receiver having a image reject mixer drcuit 
arrangement in accordance with any preceding 
daim. 

13. A radiotelephone having a radio receiver in accord- ss 
ance with Claim 12. 
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